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Objective: Bile duct injury is an uncommon but potentially serious complication in cholecystectomy. A
recognized treatment for minor biliary injury is internal biliary decompression by endoscopic retrograde
cholangiopancreatography (ERCP) and stent insertion. The aim of this study was to assess the effec-
tiveness of ERCP in the management of minor biliary injuries.
Methods: A retrospective review of medical records at a tertiary referral centre identified 36 patients
treated for postoperative minor biliary injuries between 2006 and 2010. Management involved establish-
ing a controlled biliary fistula followed by ERCP to confirm the nature of the injury and decompress the
bile duct with stent insertion.
Results: Controlled biliary fistulae were established in all 36 patients. Resolution of the bile leak was
achieved prior to ERCP in seven patients, and ERCP with stent insertion was successful in 27 of the
remaining 29 patients. Resolution of the bile leak was achieved in all patients without further intervention.
The median time to resolution after successful ERCP was 4 days. Two patients underwent ERCP
complicated by mild pancreatitis. No other complications were seen.
Conclusions: This review confirms that postoperative minor biliary injuries can be managed by sepsis
control and semi-urgent endoscopic biliary decompression.
Keywords
endoscopy, cholelithiasis, bile duct injury, cholecystectomy, biliary fistula
Received 11 April 2011; accepted 30 May 2011
Correspondence
Michael W. Hii, Department of Hepatobiliary and Upper Gastrointestinal Surgery, St Vincent's Hospital
Melbourne, 45 Victoria Parade, Fitzroy, Melbourne, Vic 3065, Australia. Tel: + 61 4 0281 2470.
Fax: + 61 3 9855 0619. E-mail: mickhii@gmail.com
Introduction
Cholelithiasis is common in Western populations and occurs at an
incidence of 15–20%.1 Of patients with cholelithiasis, 1–2% per
year develop gallstone-related symptoms.2 Laparoscopic cholecys-
tectomy is currently the preferred method of treating symptom-
atic or complicated cholelithiasis.
Bile duct injury is a significant complication of cholecystec-
tomy. Some authors have reported a higher incidence of biliary
injury since the introduction of laparoscopic cholecystectomy.3–5
Large studies published in the last decade have demonstrated
incidences of major and minor biliary injury of 0.25–1.90% and
0.38–1.20%, respectively.6–8
There are several classification systems designed to grade the
severity of biliary tree injury.5 Minor injuries are usually defined
as those of the cholecystohepatic duct (duct of Lushka), partial
disruption of the right posterior sectoral duct, injuries to small
subsegmental ducts in the gallbladder bed and cystic duct stump
leaks. Major biliary injuries are those of the common hepatic duct,
common bile duct (CBD), right hepatic duct and transection of
the right posterior sectoral duct. It is generally accepted that
minor biliary injuries can be managed endoscopically, but major
injuries require biliary reconstruction.9,10
A postoperative bile leak is usually diagnosed within the first
few postoperative days.4,11–13 It most commonly presents with
excessive postoperative pain or bilious drain tube output.14 Less
common presenting features include sepsis, cutaneous bile
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staining (Fig. 1) and bile discharge from cannula sites. The diag-
nosis requires no further confirmation in the presence of bile
within the drain fluid; however, if no drain was placed at opera-
tion, cross-sectional imaging or, occasionally, a hepatobiliary
imino-diacetic acid (HIDA) nuclear scan12 will be required.
Imaging should be directed at excluding a major biliary injury. It
is the practice of this unit to use an early computed tomography
(CT) i.v. cholangiogram (CT-ivC). This allows the presence of
undrained intraperitoneal bile to be assessed, but may also iden-
tify a major biliary injury if one is present. Major biliary injuries
should be assessed for operative repair.
The greatest cause of early morbidity and mortality in patients
with minor biliary injury is uncontrolled sepsis. Early manage-
ment should be directed towards sepsis control.15–17 A controlled
biliary fistula can be created by percutaneous drainage or with
laparoscopic washout and drain insertion. Laparoscopic washout
facilitates more thorough clearance of intraperitoneal bile (par-
ticularly if there are multifocal or loculated collections), as well as
more accurate drain placement adjacent to the gallbladder fossa
and cystic duct stump. Very occasionally, early laparoscopy allows
visualization of the cystic duct stump, the cystic stump clips or the
presence of a leak from the gallbladder bed.
The establishment of a controlled biliary fistula allows time for
the patient’s physiology to recover and for the careful planning of
further treatment. Although small subgroups of patients may
resolve spontaneously, the majority go on to require endoscopic
intervention.8,17,18
Anatomical delineation can be achieved with magnetic reso-
nance cholangiopancreatography (MRCP), CT-ivC or endo-
scopic retrograde cholangiopancreatography (ERCP). The first of
these, MRCP, has been reported to have a sensitivity of
84–100%19–21 in diagnosing postoperative biliary injuries;
however, ERCP allows the identification of the site of bile leak
and, most importantly, allows internal biliary drainage if the
diagnosis of minor biliary injury is confirmed.12 Incidental diag-
noses such as choledocholithiasis or bile duct stricture may also
be treated in a single procedure. However, ERCP does not delin-
eate injuries in which a duct has been transected and cannot be
filled with contrast material from below.22 A low threshold for
further imaging with MRCP or CT-ivC should be applied to
patients in whom resolution is not rapidly achieved after ERCP
to avoid missing these injuries.
The aim of this study is to describe the experience of a tertiary
hepatobiliary referral centre with consecutive patients treated over
a 5-year period for minor post-cholecystectomy biliary injury.
Materials and methods
Medical records for all patients treated for minor biliary injuries at
St Vincent’s Hospital, Melbourne, Victoria, during 2006–2010
were reviewed. Patients were identified by an electronic search of
discharge diagnosis. Reports of ERCP for the same period were
also reviewed in a strategy to identify patients with a diagnosis of
bile leak. St Vincent’s Hospital is a tertiary referral centre for
ERCP.
Patient demographics were recorded, along with operative
details, time until diagnosis, method of sepsis control, time
until ERCP and time until resolution of bile leak. Complications
emanating from the management of the biliary injury were
also recorded. Major biliary injuries were excluded from further
analysis.
Figure 2 describes the management algorithm for patients pre-
senting with suspected biliary injury. Patients in whom drain
placement at the time of operation had controlled the bile leak
proceeded to ERCP. Patients with undrained, intraperitoneal bile
were managed with washout and drain insertion at laparoscopy or
laparotomy (if the original operation had been conducted by lap-
arotomy). Radiologically guided percutaneous drainage was used
early in the study period in patients if a single accessible biloma
was identified on imaging and ERCP was scheduled following this.
In some patients, bilious drain tube output ceased prior to ERCP.
In this group the drain was left for 1 or 2 days to ensure no further
bile drainage, but no endoscopy was performed.
Endoscopic retrograde cholangiopancreatography was per-
formed under conscious sedation or general anaesthesia admin-
istered by anaesthesia staff. Selective cannulation of the CBD was
attempted using a 0.035-inch hydrophilic guidewire (Boston Sci-
entific Corp., Natick, MA, USA). If initial attempts at cannulation
were unsuccessful, a sphincterotomy was performed using a
needle knife to cut down through the ampulla and facilitate access
to the biliary tree. Cholangiography was used to assess for evi-
dence of biliary leakage and the site of leakage. Following cholan-
giography, a removable plastic biliary stent was inserted to allow
anterograde drainage. The use of sphincterotomy and the type of
stent used were not controlled during the study period. Any other
Figure 1 Subcutaneous bile staining from postoperative minor
biliary injury
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abnormal findings at ERCP (e.g. retained stones) were treated as
required.
Rapid resolution was expected after stent insertion. If bilious
drain tube output had not markedly reduced by day 3–5, further
imaging with CT-ivC or MRCP was performed to ensure that no
major biliary injury or transected duct had been missed.
Repeat ERCP was performed at least 4 weeks after resolution of
the biliary leak. Cholangiography was used to confirm the healing
of the biliary fistula and the absence of a biliary stricture or other
pathology such as choledocholithiasis. If the cholangiogram was
normal, the plastic stent was removed.
On retrospective chart review it was not always possible to
determine the exact day on which bile was no longer seen in the
drain tube collecting system and therefore time until drain
removal was used as a surrogate for time until the resolution of
bile leak. It should be noted, however, that drains were often left
for 1 or 2 days after cessation of bile output as a precaution.
All data are presented as medians (ranges) unless stated.
Nominal data are presented as fractions. Statistical analysis for
patient groups was performed using the Mann–Whitney U-test
for non-parametric data.
Results
Thirty-six patients with minor post-cholecystectomy bile leaks
were treated during the study period. Their median age was 52
years (range: 16–78 years) and 22 patients were female.
Laparoscopic cholecystectomy represented the procedure origi-
nally planned in all patients. Fourteen patients underwent an
elective procedure for the management of biliary colic and 22
underwent emergency cholecystectomy for acute cholecystitis.
Nine patients required conversion to open cholecystectomy as a
result of intraoperative difficulties. Intraoperative cholangiogra-
phy was attempted in 22 patients and was successful in 20. In no
patient was a bile leak recognized at operative cholangiography. In
no patient were bile duct stones identified. A drain was placed on
completion of the procedure in 32 patients.
Post-cholecystectomy bile leaks were detected after a median of
4 days (range: 0–19 days). Modes of presentation are listed in
Table 1.
The initial management of biliary sepsis and the method of
establishing a controlled biliary fistula were not controlled during
the study period. Thirteen patients presented with a controlled
bile leak via the drain placed at cholecystectomy. In the remaining
23 patients, a controlled biliary fistula was created in 15, four and
four patients by laparoscopy, laparotomy and percutaneous drain,
respectively. Percutaneous drain was used in four patients early in
the study period. These patients demonstrated a single, accessible,
well-localized, intra-abdominal collection without evidence of
systemic sepsis.
After sepsis control and drainage of intraperitoneal bile, a semi-
elective ERCP was arranged. Spontaneous resolution of biliary
leak prior to ERCP occurred in seven patients. In the remaining 29
patients, ERCP was attempted at a median of 8 days (range: 1–35
days) following cholecystectomy. The results of ERCP are shown
in Table 2.
The median time to resolution of the bile leak in the entire
group was 4 days (range: 1–35 days) from the last intervention. In
Figure 2 Management algorithm for minor biliary injury. CT-ivC,
computed tomography i.v. cholangiogram; ERCP, endoscopic
retrograde cholangiopancreatography; MRCP, magnetic resonance
cholangiopancreatography
Table 1 Presentation of post-cholecystectomy bile leaks in the
current series (n = 36)
Symptom n
Bile in drain tube 13
Abdominal pain 12
Abdominal sepsis 10
Subcutaneous bile stain 1
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the seven patients who did not require ERCP, drain tubes were
removed at a median of 8 days (range: 2–15 days) post-
cholecystectomy. A total of 29 patients underwent ERCP. In 27 of
these patients, drain tubes were removed at a median of 4 days
(range: 1–35 days) after successful ERCP. In the two patients in
whom ERCP failed, the ampulla could not be cannulated at endo-
scopy and therefore no stent was inserted. Drains were removed at
a median of 17.5 days (range: 7–28 days) after ERCP in these
patients.
The median time to resolution was 4 days (range: 2–25 days) in
patients undergoing endoscopic sphincterotomy (n = 17) and 4
days (range: 1–27 days) in those without sphincterotomy (n = 10)
(P = 0.549).
The median time to resolution was 8 days (range: 2–16 days)
after insertion of a 7-Fr stent (n = 9) and 4 days (range: 1–35 days)
after insertion of a 10-Fr stent (n = 18) (P = 0.267).
Two episodes of post-ERCP pancreatitis occurred in the study
group. Both episodes were mild and resolved without further
operative intervention.
Patients treated with stent insertion underwent stent removal
and repeat cholangiogram at a median of 69 days (range: 29–183
days). No persisting leaks and no strictures were seen at repeat
ERCP. Stones were removed in one patient found to have chole-
docholithiasis. No complications occurred in this second proce-
dure.
Discussion
Minor biliary tree injury is a common complication of laparo-
scopic cholecystectomy and is reported to occur at an incidence of
up to 1.2%.6–8 With improper treatment, these injuries represent
an iatrogenic catastrophe with the potential to reduce the patient’s
quality of life and cause serious longterm morbidity and mortal-
ity, and are associated with high rates of litigation.5
Endoscopic management of minor biliary tree injuries has a
very high rate of success with minimal additional morbidity
(Table 3). As this study shows, sepsis control followed by internal
drainage results in the rapid resolution of these injuries without
the need for an additional operation. Endoscopic retrograde cho-
langiopancreatography can be used to diagnose the site of biliary
leakage and to overcome the pressure gradient at the ampulla of
Vater in order to allow bile to flow into the duodenum and away
from the site of bile leak. This allows for the healing of the affected
biliary segment.
Seven patients in this series showed resolution of the bile leak
prior to ERCP. Other series also show low rates of spontaneous
resolution.8,17,18 Unfortunately, the data in this series do not imply
a method of distinguishing which patients require ERCP and
there are no other useful published guidelines.8,18,23 Patients in
whom rapid, spontaneous resolution is achieved are generally in
the minority and therefore it is the authors’ practice to schedule
ERCP in all patients and to cancel the procedure if the bile leak
settles.
Endoscopic retrograde cholangiopancreatography does not
always show the exact point of leakage in minor biliary injuries;
however, the most common locations are the cystic duct stump
and gallbladder fossa. This is confirmed by both the current
study and previously published data (Table 4). If a major biliary
injury is identified at ERCP, the patient should be referred for
consideration of biliary reconstruction. If no cause for a bile leak
is seen at ERCP, the patient should be referred for further
imaging. An excluded biliary segment (after transection at chole-
cystectomy) will not be seen in retrograde cholangiography and
this group of patients may be better diagnosed with MRCP or
CT-ivC.
Intraoperative cholangiography was attempted in 22 of the
patients in the present series. In none of these was the minor
biliary injury detected. One reason for this is that most bile leaks
occur through the cystic duct stump (Table 4) and obviously this
diagnosis will not be seen on cholangiography. Thus, it is impor-
tant to note that intraoperative cholangiography does not
protect against and usually is not diagnostic of minor biliary
injury.
It is probable that biliary tree injuries are more frequent in
more difficult cholecystectomies.14,16,25,26 In the current series (n =
36), many surrogate markers for the degree of difficulty were
identified frequently; these included emergent surgery for acute
cholecystitis (n = 22/36), conversion to open operation (n = 9/36),
failed cholangiogram (n = 2/20) and drain tube use (n = 32/36).
Specific technical errors leading to biliary injury may be more
likely to occur in more difficult procedures.14,26
Seven of the 27 patients in the current series in whom ERCP
was performed were diagnosed with choledocholithiasis. Retained
CBD stones can increase CBD pressure and perhaps promote clip
slippage. Retained CBD stones may be a risk factor for cystic duct
Table 2 Results of endoscopic retrograde cholangiopancreatogra-
phy (ERCP) (n = 29)
Result n
Successful cannulation at ERCP 27/29
Leak visualized 16/27
Cystic duct stump 14/16
Segment IV/V duct leak 2/16
Other pathology 7/27
Choledocholithiasis 7/27
Stricture 0/27
Intervention 27/27
Sphincterotomy 17/27
Stent insertion 27/27
7-Fr stent 9/27
10-Fr stent 18/27
Complications
Post-ERCP pancreatitis 2/29
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stump leak. Two of these seven patients underwent intraoperative
cholangiography and thus stones were missed. The significance of
this finding is unclear.
The importance of stent size and sphincterotomy in reducing
the pressure gradient across the sphincter of Oddi remains con-
troversial. Theoretically, a larger stent provides improved biliary
drainage. A single randomized trial comparing 7-Fr and 10-Fr
stents for this purpose showed a non-significant trend towards
bile leak resolution with larger stents.14 In addition, non-
resolution with 7-Fr stents was treated by the insertion of a larger
stent. It is difficult to draw definitive conclusions from these data,
but the current study also found a non-significant reduction in
time to resolution with the use of larger stents.
There is little consensus on the role of sphincterotomy in com-
bination with stent insertion in the management of these patients.
When possible, avoiding a sphincterotomy minimizes risk for
bleeding or perforation. Sphincterotomy is associated with an
increase in complication rates of 7.3–9.8%27–29 and a mortality of
up to 1.3%.27,30 In addition, sphincterotomy cannot be performed
in patients with coagulopathy. Mavrogiannis et al.31 demonstrated
no additional benefit from sphincterotomy in terms of leak reso-
lution; however, they and other authors suggest there may be a
higher incidence of pancreatitis without sphincterotomy.12,24,31–33
Earlier publications have reported sphincterotomy alone as a
means of overcoming ampullary pressure, but have quoted a
biliary leak resolution rate of only 87.1%.34 This is inadequate
when compared with the findings of other reports using stents
(Table 3) and both Aksoz et al. and Familiari et al. report that up
to 12% of patients require subsequent stent insertion after sphinc-
terotomy alone.34,35
The current policy in this unit is to use large-bore (10-Fr) stent
insertion alone and to use sphincterotomy only for access or if an
additional diagnosis such as choledocholithiasis is made and
requires treatment. A short (5-cm) stent, which crosses the
sphincter of Oddi, is all that is required. That it is not necessary to
stent the leak point is supported by the current study and other
published data.35
In this study, repeat cholangiography was performed at the time
of stent removal, revealing choledocholithiasis in a single patient
as the only positive finding. However, Coté et al. reported pathol-
ogy in 27.6% of their patients during follow-up.36 Routine
follow-up cholangiography is likely to be useful in this population
of patients in whom the risk for pathology is high, although it
must be acknowledged that some centres have published good
results of stent removal without cholangiography.37
Conclusions
Minor biliary injuries are relatively common following cholecys-
tectomy. This diagnosis should be suspected in any patient who
does not make a rapid postoperative recovery. The main treatment
priorities are to exclude major biliary injury and then to ensure
good drainage of bile in order to create a controlled external
biliary fistula. Endoscopic retrograde cholangiopancreatography
was useful for confirming the diagnosis of minor biliary injury
and for definitive management with internal biliary drainage in all
patients in this study. The issue of which technique of endoscopic
drainage (particularly as it relates to the role of sphincterotomy
and the choice of stent size) is best is still controversial, but ERCP
in this setting can be performed with minimal morbidity.
Table 3 Endoscopic management of minor biliary injury
Study n Successful ERCP Days to resolution Complication rate Further intervention
Present study 29 n = 27 4 n = 2/29 n = 0
Donnellan et al.24 48 n = 44 5 n = 0 n = 0
Tzovaras et al.26 20 n = 19 NA n = 1 n = 1
Familiari et al.35 85 96.3% NA 2.9% 2.3%
Mavrogiannis et al.31 52 100% 2–4 7.7% 0%
Katsinelos et al.14 60 94% NA 13% 1.6%
NA, not available
Table 4 Distribution of minor biliary injuries
Study Cystic duct stump Segment VI/V leak Common hepatic duct
Present study n = 14/27 n = 2/27 NA
Donnellan et al.24 n = 19/44 n = 11/44 n = 5/44
Tzovaras et al.26 n = 16/20 NA n = 3/20
Pinkas & Brady38 n = 15/20 n = 5/20 NA
Familiari et al.35 75% 22.3% NA
Mavrogiannis et al.31 71.2% NA NA
NA, not available
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